Food allergy awareness and prevalence reportedly have been increasing among children in recent years.
Food allergy among children is a serious health issue that can be lifethreatening. Reports indicate that the prevalence of food allergy, particularly allergy to peanuts, may be increasing among children. [1] [2] [3] However, there are few data sources available that can be used to make statistically reliable estimates of food allergy among all children in the United States, on a nationally representative basis. As a result, descriptions of food allergy among US children are lacking information about allergies in specific demographic groups (ie, according to age, gender, or race/ethnicity). Such information could reveal disparities in food allergy among subgroups of children. In addition, there is limited knowledge about health care utilization for food allergy among affected children on a national basis. Therefore, the purpose of this analysis was to describe trends in the prevalence of food allergy and food allergy-related health care use among children in the United States, by using nationally representative survey data.
METHODS

Data Sources
This analysis used multiple US national surveys collected or coordinated by the National Center for Health Statistics. Because the results presented were from secondary data analyses, National Center for Health Statistics institutional review board approval was not required.
Prevalence Data
Prevalence estimates of food allergy among children 0 to 17 years of age were from the National Health Interview Survey (NHIS) for the years 1997-2007. The NHIS, conducted continuously, is a large-scale household interview survey of the civilian noninstitutionalized population in the United States. The NHIS is based on a nationally representative sample of households, uses a multistage probability sampling design, and serves as the main source of data on various health conditions in the US population. 4 This analysis used data from the sample child component (in which 1 child was sampled from each eligible household) of the NHIS, which had a final response rate of 77% in 2007. Since 1997, a question about food allergy ("During the past 12 months, has [child] had any kind of food or digestive allergy?") has been included in the NHIS; results were used to calculate prevalence estimates. For children, this question is answered by an adult proxy, most often the parent. In 1999, the question was not asked for 2-year-old participants because of a skip pattern error. For comparison, prevalence estimates for other allergic conditions asked about in the NHIS, including eczema/ skin allergy, respiratory allergy, and hay fever, also were calculated for each year from 1997 through 2007, on the basis of responses to questions with the same format as that for food allergy. Prevalence estimates from the NHIS were calculated as proportions of all sampled children for each individual year.
Period prevalence rates for serum immunoglobulin E (IgE) antibodies to certain foods were derived from the allergy component of the [2005] [2006] National Health and Nutrition Examination Survey (NHANES). 5 The response rate for the examined sample was 77%. Survey participants Ն1 year of age who took part in the examination portion of the NHANES were eligible for measurement of serum IgE antibodies to peanut, egg, and milk. IgE antibodies to shrimp were measured in examinees Ն6 years of age. The range of detectable serum IgE levels was 0.35 to 1000 kU/L. Serum IgE levels were measured by using the Pharmacia Diagnostics ImmunoCap 1000 system (Pharmacia Diagnostics, Kalamazoo, MI). More information about this test and laboratory procedures can be found elsewhere. 6 
Ambulatory Care Visits and Hospitalizations
Data on food allergy-related ambulatory care visits to hospital facilities and physician offices and hospitalizations were derived from the National Ambulatory Medical Care Survey (NAMCS), the National Hospital Ambulatory Medical Care Survey (NHAMCS), and the National Hospital Discharge Survey (NHDS). Data from the NAMCS and NHAMCS were included for 1993-2006 and data from the NHDS for 1998 -2006.
The NAMCS is a survey of visits to nonfederally employed, office-based physicians who are engaged primarily in direct patient care. The NHAMCS is based on a national sample of visits to emergency departments (EDs) and outpatient departments of noninstitutional general and short-stay hospitals. Both the NAMCS and the NHAMCS use multistage probability sampling. 7, 8 In 2006, response rates were 64% for the NAMCS, 73% for the NHAMCS outpatient component, and 89% for the NHAMCS ED component. The NHDS is conducted annually and is a nationally representative survey of hospital discharges from non-federal, short-stay hospitals. In 2006, the NHDS response rate was 92%. Sampling is based on a multistage approach, and discharges are selected at random from sampled hospitals. 9 In 1993-2006, the NAMCS/NHAMCS collected up to 3 physician diagnoses, by using International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes, and the NHDS collected up to 7 diagnoses. Any listed, food allergy-related diagnoses from these surveys among children Ͻ18 years of age were identified by using the ICD-9-CM codes shown in Table 1 . ICD-9-CM code 988.0, for toxic effects of fish or shellfish eaten, was included if there was any other code on the same record related to allergy. For these surveys, the unit of analysis is the visit (NAMCS/NHAMCS) or hospital discharge (NHDS) and not the individual.
Analyses
For all of the surveys, SEs and confidence intervals (CIs) for the appropriate unit of measure were derived by using SAS 9 (SAS Institute, Cary, NC) and SUDAAN (Research Triangle Institute, Research Triangle Park, NC) to account for the complex sampling design, and all data were weighted by using the designated sampling weights to reflect national estimates. Estimates with Ն30 unweighted events per cell and a relative SE (SE divided by its estimate) of Ͻ0.3 were considered reliable and are reported. Trend analysis using all data points for a given time period was performed by using weighted, leastsquares regression to account for the variances derived from the complex sampling design. Differences between demographic groups in the NHANES data were tested by using the RaoScott F-adjusted 2 test, as recommended in the NHANES analytic guidelines. 10 After the initial analysis, it was determined that there were not enough unweighted visits to allow separate time trend estimates for visits to EDs, hospital outpatient facilities, and physician offices. Therefore, the data from the NHAMCS and NAMCS were combined for assessment of time trends for food allergy-related visits to all ambulatory emergency and outpatient hospital facilities and physician offices.
RESULTS
From 1997 through 2007, rates of food allergy among all children increased significantly (z ϭ 3.4; P Ͻ .01) ( Table  2 ). By 2007, 3.9% of children 0 to 17 years of age reported having had a food or digestive allergy in the previous 12 months. In addition, rates of reported skin allergy or eczema increased significantly, whereas rates of reported respiratory allergy showed no significant trend and rates of reported hay fever decreased slightly (Table 2 ). Trends in rates of reported food allergy according to gender were similar over time (Table 3 ). There also were statistically significant, increasing trends in rates of food allergy among non-Hispanic white, nonHispanic black, and Hispanic children from 1997 through 2007 (Table 3) . Although Hispanic children had a significantly lower prevalence of reported food allergy in 2007, compared with non-Hispanic white and non-Hispanic black children, 11 they experienced the greatest increase in the prevalence of reported food allergy over the time period analyzed.
In 2005-2006, serum IgE antibodies to peanut were detectable in an estimated 9% of US children. Antibodies to egg, milk, and shrimp were detectable in 7%, 12%, and 5% of children, respectively (Table 4) . Because detectable levels of IgE alone were not a reliable indicator of true clinical disease, 90th percentile values of the detectable ranges of peanut-, milk-, and eggspecific serum IgE levels also were assessed (Table 4) .
Non-Hispanic black children were twice as likely as non-Hispanic white children to have detectable levels of IgE antibodies to peanut and were nearly twice as likely to have detectable levels of IgE antibodies to milk. In addition, non-Hispanic black children were 4 times as likely as non-Hispanic white children to have detectable antibodies to shellfish (Fig 1) . Hispanic children were between non-Hispanic white and non-Hispanic black children in the proportion with detectable levels of any food-specific IgE antibody. Unweighted sample sizes were too small for investigations of differences according to race/ethnicity, according to 90th percentile values of serum IgE levels for all foods.
From the NAMCS and NHAMCS data, the average number of ambulatory care visits with food allergy-related diagnoses per year nearly tripled from 1993-1997 through 2003-2006 (z ϭ 2.7; P Ͻ 01) ( Table 5 ). Between 2003 and 2006, an average of ϳ317 000 visits to ambulatory care facilities per year with food allergy-related diagnoses were reported. Using the NHDS data, we demonstrated previously an increase in hospitalizations with any diagnosis of food allergy. 11 For the current analysis, a sensitivity analysis of the NHDS data was conducted to determine whether the significant increase in hospitalizations for food allergy was attributable to increases in diagnoses more primarily related to food allergy. Therefore, the data were restricted to the first 3 diagnoses with Ն1 diagnosis related to food allergy. An increasing trend in hospitalizations was still apparent (data not shown). A more indepth examination of the types of food allergy diagnoses was undertaken to determine whether any specific diagnosis was responsible for the increase in hospitalizations over time. This analysis revealed that a growing number of diagnoses were attributable to general food allergy and specific food allergy (ICD-9-CM codes V150.1-V150.5) coded secondary to other nonallergy indications for hospitalization. Therefore, the data were reanalyzed after exclusion of the V codes for food allergy. After this exclusion, the increasing trend in hospitalizations with diagnoses related to food allergy was not statistically significant (Fig 2) .
DISCUSSION
This analysis of data from nationally representative health and health care surveys provides evidence of increased food allergy among US children and/or food allergy awareness by health care professionals and parents. In the past decade, the prevalence of reported food allergy and food allergyrelated diagnoses in health care settings has increased. The results of this analysis also reveal potential racial disparities in food allergy prevalence among children.
It is important to note that the NHIS data are based on parental or proxy reports of food allergy rather than clinical diagnoses, which could potentially result in 15 Therefore, it does not seem that reliance on parental determination of perceived food allergy overstates reported prevalence estimates for food allergy.
As expected, food sensitization measured on the basis of serum foodspecific IgE levels was greater than the self-reports from the NHIS. Although serum IgE measurements cannot be used alone to determine the prevalence of food-specific allergies or to predict reactions to certain foods, they can give an indication of increased atopy and risk for allergic reactions to food. The data from NHANES might reflect children who demonstrated reactions to food previously and outgrew them or those who have a current food allergy and may or may not ever have a reaction to food.
Reported food allergy is increasing among children of all ages, among boys and girls, and among children of different races/ethnicities. Although the trend was significant for non-Hispanic white, non-Hispanic black, and Hispanic children, food allergy increased most among Hispanic children, although nonHispanic black children generally had the largest proportions of detectable serum IgE antibodies to specific foods. This might demonstrate disparities in awareness and reporting among different demographic groups. NonHispanic white children had significantly smaller proportions of serum IgE antibodies to peanut, milk, and shellfish, compared with non-Hispanic black and Hispanic children, but had the highest reported prevalence of food allergy in the NHIS. Therefore, the increasing prevalence of food allergy in parent reports might indicate increasing recognition of food allergy among groups that previously regarded symptoms as those of non- 
FIGURE 1
Proportions of children Ͼ18 years of age with detectable levels of IgE antibodies to specific foods in the United States in 2005-2006, according to race/ethnicity. The data were from NHANES. a P Ͻ .01; b P ϭ .0001; c P Ͻ .0001. 
FIGURE 2
Average numbers of hospital discharges per year with any diagnosis of food allergy, with and without food allergy-specific V codes, among children Ͻ18 years of age in the United States in 1998 -2006. The data were from the NHDS. * V codes for food allergy were introduced in 2000; therefore, no visits from 1998 -2000 used food allergy V codes. 1 Overall trend statistically significant (z ϭ 6.72; P Ͻ .0001); 2 trend among discharges with no food allergy V codes not statistically significant. 1999 -2000) yield an estimate for children of all ages of ϳ6600 visits to EDs and outpatient clinics combined in a 2-month period. Although they are not completely comparable, these estimates are similar enough to lend strength to the reporting of food allergy visits in the NHAMCS. However, it is important to note that there is evidence for underreporting of food allergy with the use of ICD-9-CM codes alone. [18] [19] [20] This analysis is subject to other limitations, in addition to those discussed above. The NHIS provides no information on allergies to specific foods; therefore, the prevalence and trend of allergies to peanuts, milk, and shellfish cannot be determined with this national data source. As stated previously, the IgE data from NHANES do not indicate the severity of food allergy, and the other components of NHANES do not contain additional questions on food allergy. To capture food prevalence on a national level, a survey ideally would contain both clinical and self-reported measures of food allergy, which neither NHIS nor NHANES currently do. Therefore, the IgE data are limited in their ability to characterize children who may be at risk for adverse reactions to food. In addition, the NAMCS, NHAMCS, and NHDS data are limited to ICD-9-CM codes and there is no way to validate these results.
Nevertheless, there are many advantages in using these data to estimate trends in food allergy prevalence and hospital visits. The NHIS, NAMCS, NHAMCS, and NHDS all generate nationally representative data that are collected in a consistent manner each year. This is imperative for continued tracking of future trends in food allergy prevalence and health care utilization. The NHIS also provides a large sample size for exploration of differences in food allergy according to race/ethnicity and gender, which previous reports of food allergy have not been able to describe.
CONCLUSIONS
Data from nationally representative health and health care surveys indicate increases in reported food allergy estimates among US children. However, it cannot be determined how much of the increases in estimates are truly attributable to increases in clinical disease and how much are attributable to increased awareness by physicians, other health care providers, and parents. However, the consistent increases across surveys and among children in all age, 11 gender, and race/ ethnicity groups provide evidence that the increases are not limited to a certain setting, reporting mechanism, or demographic group.
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